Fresh juices from mandarin varieties, from hybrids, and from blends of these raw materials were evaluated by 100 consumers to determine acceptability, and by 10 trained panelists to quantify sensory attributes. Trained panelists found the juice from Clemenules richer in both mandarin and fresh flavor (odor and taste) whereas Nova juice presented minimum scores for these attributes. These aspects obviously affected the evaluation of acceptability by consumers, who preferred the juice from Clemenules (a Clementine variety) either alone or blended in major proportions with less preferred varieties such as Marisol, Hernandina (Clementines), Ortanique or Nova (hybrids). Nova juice was rejected by most consumers, but accepted by a small group of them. These results are of great importance for the European citrus industry since Clemenules is the most abundant variety and will constitute the main source of raw material for processing plants.
INTRODUCTION
In a previous paper (Carbonell et al., 2008a ) a comparative study on acceptability of chilled mandarin and orange juices was performed by consumers from the area of Valencia (Spain), showing that mandarin juices were generally preferred. The interest of performing similar tests in other European countries was suggested since, in the case that the higher acceptability of mandarin juices were confirmed, its production at a large scale would be worth promoting. Southern Europe is among the main world mandarin producers (only surpassed by China) and its citrus plants, that presently produce mainly orange juices, can be adapted to mandarin juice production with minimal or no changes. From a European perspective, mandarin juice would be a product obtained from domestic fields prepared and consumed in Europe. This is not the case of orange juice, whose production is not governed by European countries.
Compared with orange juice, very little research has been carried out on mandarin juice. Its volatile composition, mainly related to the constituents producing off-flavors due to the heating process, has been analyzed in some recent papers (Pe´rez-Lo´pez and , Pe´rez-Lo´pez et al., 2007 but almost no literature exists about the technology of mandarin juice production. A study of heat treatment conditions of chilled juices (Sentandreu et al., 2005) concluded that pasteurization at 85 C for 10 s satisfactorily inactivates clarifying enzymes with minimal loss of acceptability. On the other hand, juices treated under these heat conditions presented the same acceptability as juices stabilized by pulsed electric fields (Sentandreu et al., 2006) . Carbonell et al. (2007) studied the sensory characteristics of mandarin juices, proposed a list of descriptors to perform profile analysis and trained a group of assessors for this purpose. This group evaluated commercial and experimental mandarin and orange juices as presented in the paper mentioned at the beginning of this section (Carbonell et al., 2008a) .
Other important technological aspects are the suitability of mandarin varieties to produce commercial juices and the study of juice blends to obtain highly acceptable and uniform products in the different productions during the year. Blends are mainly necessary since the relationship between total solids and acid content increases as fruits ripen and since consumers accept only juices with a balanced relationship. These aspects have been considered with orange juice (Berry and Veldhuis, 1977; Izquierdo et al., 1980; Kimball, 1999) but not with mandarin juices.
The objective of this article was to determine (in juices from different pure mandarin varieties and in juice blends) the intensity of sensory attributes, quantified by trained assessors, and the acceptability, evaluated by consumers.
MATERIAL AND METHODS

Samples
Three pure Clementine (Citrus clementina Hort. Ex Tan.) cultivars: Clemenules, Hernandine and Marisol and two hybrids: Nova (Clementine Â tangelo Orlando) and Ortanique (Clementine Â orange) were used as raw materials. Fruits were harvested from an orchard located at Lliria (Valencia, Spain).
Fruits were squeezed in an industrial extractor with finger cups (model Exzel from TECMAFRU, El Puig, Valencia, Spain). The juice was passed through a finisher with 0.5 mm holes. Samples were immediately frozen and stored at À20 C until analyzed.
Juices of different Brix to acid ratios were used to obtain blends with a ratio value previously fixed.
Methods
Brix to Acid Ratio
Total soluble solids were measured as Brix with an R-X 1000 digital refractometer (Pal-1, Atago Co., LTD, Tokio). Total titratable acidity was assessed by titration with sodium hydroxide (0.1 N) and expressed as % citric acid.
Blend Proportions
The composition of binary blends were determined according to the expression:
where R is the Brix to acid ratio desired in the blend. B 1 , A 1 , and P 1 are Brix, acidity, and percentage of one of the juices forming the blend and B 2 and A 2 are Brix and acidity of the other juice, respectively.
Sensory Analysis
Tests were conducted in a standard room (ISO, 1988 ) equipped with nine individual taste booths. Samples were thawed in water baths the day of testing and served at room temperature (about 20 C) in cups labelled with random 3-digit codes. Water was provided to assist in cleansing the palate.
Sensory Profile
The process of selection and training of the panelists who performed the sensory profiles described in this paper has been previously published . Basically, the attribute terms were generated by 20 panelists using the Repertory Grid method. From this group, 11 assessors were selected, taking into account their previous experience in sensory profiles. These 11 judges participate in discussion sessions to select the final list of attributes to use to evaluate juices. The limits of the evaluation scales were fixed by consensus using juice samples with high or low intensities of different attributes (i.e., sweetness, acidity, bitterness). Mandarin and orange juices with different characteristics were prepared and profiled to evaluate the reproducibility, homogeneity, and consistency of the assessors. According to the results, 10 of the 11 assessors were selected.
This group of 10 trained judges evaluated the intensity of 25 sensory attributes in the groups of samples specified in the 'Results' section. All juices were tested in duplicate and a maximum of three samples was evaluated in each session. Samples of each session were served in different order to the assessors. The judges evaluated attributes' intensity using unstructured scales from 0 to 10 with anchor terms (from not perceived or weak to intense in most of attributes; from lemon to orange-reddish in color; from scarce to abundant in pulp attributes, and from unripe to overripe in maturity attributes). A Clemenules juice (Brix to acid ratio of 16.4, pasteurized at 85 C during 10 s and stored at À20 C until the date of each analysis session) was served as a reference sample. The intensities of the attributes in the reference sample (consensus of previous discussions among test panel members) were indicated in the scales .
Acceptability by Consumers
Two groups of 100 participants, randomly selected by the Association of Valencian Consumers and Users (AVACU) among their associates who were regular consumers of fruit juices, performed two evaluations of acceptability; one of juices from individual varieties and another one of blends, according to a hedonic scale from 1 to 9. The juices included in each evaluation will be specified in the 'Results' section. Time delay between judgements of two consecutive samples was fixed at 30 s. Samples were served in different order to each assessor (McFie et al., 1989) according to a Williams balanced design (Compusense five v. 4.6, Compusense Inc., Guelph, Ontario, Canada).
Sensory Evaluation of Brix to Acid Ratio of Juice Blends
Four Clementine juices with different Brix to acid ratios (harvested from the same trees on different dates) were evaluated by 50 nontrained panelists of our institute who used ranking tests to order the samples according to the sensory perception of the level of maturity (increasing ratios) and according to acceptability.
Data Analysis
Sensory data were acquired by using Compusense five v. 4.6, cited above. BMDP Statistical Software (University of California Press, Berkeley, USA, 1985) and PC-MDS Multidimensional Statistics Package (Brigham Young University, Provo, USA, 1990) were used to apply the following methods:
Univariate Analysis of Variance (ANOVA) Two-way ANOVA was applied to data of each attribute obtained from sensory profile and to acceptability data from consumers' tests. Differences between individual samples were analysed by Tukey's test (Winner, 1971) .
Friedman Test
This type of test (Meilgaard et al., 1999; ISO, 2006) was applied to data obtained from ranking tests (sensory evaluation of Brix to acid ratio of juice blends, see above) and to acceptability data. In this last case the acceptability scores (1 to 9) given by each consumer to the evaluated samples were converted into rank order numbers. Ties received equal fractional numbers. Differences between particular samples were analysed using Tukey's test.
Stepwise Discriminant Analysis
This technique (BMDP Statistical Software) was applied to select the group of sensory attributes showing maximum capacity of discrimination among profiled samples. Representations were obtained by Canonical Analysis of the sensory data corresponding to the selected group of attributes.
Segmentation of Consumers
The method used for consumers' segmentation (Carbonell et al., 2008b) basically consists of computing the correlation coefficients between the acceptability scores given by each consumer to the samples and the average intensity scores for each attribute in the same samples. A rectangular matrix 'consumers Â attributes' is thus obtained to which Clustering Ward method (PC-MDS package) is applied. In this way, groups of consumers differing in their preferences were obtained and the differences were related with the intensity of sensory attributes.
RESULTS AND DISCUSSION
Juices from Individual Varieties and Hybrids
Harvesting dates were within the usual period for fresh fruit marketing of these varieties, although ratios can greatly vary during the whole period and between growing areas. As can be observed in Table 1 , ratios also varied between analyzed samples which undoubtedly must affect their acceptability that is discussed below. Nevertheless, it has been considered adequate to compare the acceptability of juices from different varieties at their usual harvesting dates.
Sensory Profile
Individual Analysis by Attribute Table 2 summarizes the results from two-way ANOVA applied to profile data produced by trained panelists who quantified the intensity of sensory attributes in the juices from the studied varieties and hybrids. Samples were considered as a fixed effect and assessors as a random effect. The table lists, for each attribute, the error and the interaction (panelists Â samples) mean squares as well as the experimental F-values (with their probabilities) for the effects 'panelists' and 'samples' and for the interaction. Although the F-values corresponding to panelists and to the interaction were significant (95% level, probability lower than 0.05) in several cases, they were generally much lower than the F-value of samples, which allows us to center the discussion on this effect, the most interesting one. With the exceptions of turbidity, pulp (aspect and texture) and body, great differences among samples were found for all attributes, as the F-values and their probabilities indicate. Main differences among juices will be discussed with the help of values in Table 3 which shows, for each attribute, the mean intensity score per sample and the values of the minimum significant difference (Tukey's test, confidence level of 95%) between mean scores. These values will allow for analyzing the differences, since marks indicating which particular samples differ from each other have been avoided, to simplify the table. Color was the attribute presenting maximum differences (F ¼ 117.9, Table 2 ). All samples significantly differed from each other for this attribute except Clemenules and Marisol (Table 3) . Also important differences were found in orange odor and in orange taste, for which Ortanique, a hybrid of orange and mandarin, showed significantly higher mean scores. In maturity taste, Hernandina and Marisol received maximum and minimum mean scores, respectively. This is closely related with Brix to acid ratio, maximum in the first variety and minimum in the second one. Accordingly, Marisol and Ortanique (with the lowest Brix to acid ratios) were scored as significantly higher in acidity than the other varieties, whereas the mean score in sweetness of Hernandina, the variety that showed the maximum Brix to acid ratio, was significantly higher than those of the other juices. Finally, the juice from Nova showed significantly (95% level) lower mean scores for mandarin odor, fresh odor, and their homonymous attributes of taste, whereas Clemenules juice presented maximum or almost maximum scores for these attributes, although without significant differences with the other juices, except with Nova. On the contrary, Nova had a significantly more intense off odor and off taste, for which Clemenules showed minimum scores.
Combined Analysis of Attributes
For an overall view of the differences among juices from individual varieties (and for comparative purposes with the results with blended samples shown in the next section) a selection of the attributes showing maximum power of discrimination among samples was carried out using stepwise discriminant analysis applied to profile data of attributes of odor (7) and taste (12) exclusively. To simplify the analysis the intensity scores (for each attribute and sample) from all assessors and repetitions were pooled and considered as random data from a normal population.
The attributes that provide better discrimination among juices from individual varieties and hybrids were: orange odor, mandarin taste, fresh odor, bitterness, offodor, and odor intensity, in decreasing order of discriminant power. Figure 1 shows the representation of samples according to the first two axes obtained from Canonical Analysis applied to the data of these six attributes. The confidence regions (level 95%) of the centroids are also indicated in Figure 1 , showing a clear separation between varieties. The F-values associated with Mahalanobis' distances between centroids had probabilities lower than 0.05 for all possible pairs of centroids.
Acceptability by Consumers
Global Results Figure 2 shows the frequencies of the hedonic acceptability scores (1 to 9) given by 100 consumers to the samples of fresh juices of each variety. Figure 2 also displays the Chi-square statistics and their probabilities obtained by applying the test from Pearson to compare the observed frequencies with those expected assuming a normal distribution of scores. Only the distribution of frequencies from Marisol and Nova, with probabilities higher than 0.05, could be considered as roughly normal. Moreover, two modes were clearly observed in data from Ortanique, Hernandina and also from Nova. In all these varieties the first mode appeared in the area Table 1 .
of the scale corresponding to sample rejection (lower than 5 in the hedonic scale) and the second one in the area of acceptation. Thus, the observed score frequencies for these varieties suggest a mixture of two normal distributions or, in other words, that the group of 100 consumers cannot be considered as representative of a homogeneous population but from two different populations; one who likes the sample and another one who dislikes it. Villanueva et al. (2000; also observed lack of normality in data from hedonic scales and suggested that ANOVA is not fully suitable in these conditions. These authors tested hybrid hedonic, selfadjusting and ranking scales as alternatives. This last approach was used in our previous paper on commercial and experimental mandarin juices (Carbonell et al., 2008b) . Hedonic data were converted to ordered data by assigning rank order numbers to the scores given by each consumer to the samples evaluated and the results were analysed using Friedman and Tukey tests. The same procedure has been applied in this work. The results for fresh juices from pure varieties are shown in Table 4 , where the obtained rank sums and the significance (95% level) of the differences between rank sums are indicated. The juice from Clemenules (Clementine) was the most preferred, with a rank sum significantly higher than those of the other samples. The higher acceptability of Clemenules is important for the citrus industry since this variety is, by far, the most abundant and may constitute the core of juice production. On the contrary, the juice from the hybrid Nova was the least preferred, with significant differences in relation to all other samples except Marisol. This last variety did not significantly differ from Ortanique and Hernandina.
Segmentation of Consumers
Global results discussed above inform us about general tendencies but not about groups of consumers with differences in preferences. In an attempt to identify these groups, a segmentation procedure based on clustering the consumers, in accordance with their correlation coefficients with the attributes (Carbonell et al., 2008b) , was applied and a solution with four segments was selected. Table 5 shows the mean acceptability scores of the samples for each segment. Chi-squared (Pearson) tests showed distributions of score frequencies compatible with the normal law (p > 0.05). Thus, two-way (samples and consumers) ANOVA was applied to data from each segment and Tukey's test was used to analyse the significance of the differences between particular samples, shown as superscripts in the table.
According to these results, it can be concluded that segmentation gave additional information not available from global results. For instance, the least preferred juice, Nova, was rejected by 75 of the consumers, those forming segments 1, 3, and 4, but clearly accepted by the remaining 25 (segment 2), showing a small but not negligible part of the population that like the peculiar flavor (see the profile results discussed above) of this hybrid. On the other hand, Clemenules received the highest mean scores in the same three segments that rejected Nova and the second maximum score in the other segment, which is reflected in the global results discussed above by a first position of the juice from Clemenules. As it was also mentioned, Ortanique, Hernandina and Marisol, did not differ from each other. The results of the segmentation process (Table 5) show that Ortanique was well accepted by 40 30 X 2 = 15.2 20 Score frequencies 10 0 p = 0.018 X 2 = 10.1 p = 0.259 X 2 = 18.7 p = 0.016 X 2 = 19.7 p = 0.011 X 2 = 14.0 p = 0.081
Scores 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 Figure 2 . Frequencies of acceptability scores (integer values from 1 to 9) given by 100 consumers to fresh juices from individual varieties. Chi-square values of Pearson test to check the fit of the observed frequencies to the normal distribution. Sample codes in Table 1 . segment 4, Hernandina by segment 3 and Marisol by segment 1. In the remaining segments, each one of these varieties were scarcely accepted or even rejected.
Blended Juices
Blends are necessary to make uniform the characteristics of the commercial juices obtained in different periods of the year. Brix to acid ratio is, probably, the most important characteristic, since the acceptability by consumers strongly depends on the equilibrium between solid contents (mainly sugars) and acidity. Thus, the proportion of juices to be blended was computed in this work to obtain a previously established ratio, which was estimated by acceptability tests among juices with different ratios.
Estimation of a Suitable Brix to Acid Ratio of Blends
The evaluations were performed according to two criteria: ranking the samples according to the sensory perception of their Brix to acid ratios (from low to high) and ranking them according to acceptability. Ranking tests were applied to these evaluations. As indicated in Table 6 , the lowest two ratios, 12.4 and 13.8, were ranked in reverse order but without significant differences between them at the 95% level. The two highest ratios, 16.4 and 21.3, ranked in this order by the assessors, were significantly distinguished from each other and both from the lowest ratios. Concerning acceptability, the juice with a Brix to acid ratio of 16.4 was significantly preferred to the other juices, which did not differ from each other. This means that acceptability decreases when the juices present either low or high Brix to acid ratios. The optimum ratio, according to these results, has been estimated at around 16, and blend proportions were computed according to this value. Table 7 lists Brix, acidity, and Brix to acid ratios of the juices from pure varieties used to prepare six blends with a uniform Brix to acid ratio of 16. Subscripts r and g mean ripe and green respectively and indicate that the ratio was above or below 16. The blends prepared with these juices from pure varieties are listed in Table 8 as well as the proportions of the first component of the blend. The first four blends included major proportions of ripe Clemenules whereas the fifth blend had a minor proportion of green Clemenules and the sixth blend did not include this variety but the other two clementine varieties. Observe that the third blend was constituted by only ripe and green. Clemenules. Table 8 also shows the Brix to acid ratio of two pure juices from Hernandina and Nova, included for comparison purposes. Juices from Marisol and Ortanique were not included since samples with Brix to acid ratios reasonably close to 16 were not available. 
Blend Proportions
Sensory Profile
Individual Analysis by Attribute Table 9 summarizes the results of ANOVA applied to profile data quantified in the blends mentioned above and in the juices from Hernandina and Nova (Table 8 ). The effect 'panelists' and the interaction 'panelists Â samples,' were, although significant in some cases, much lower than the effect 'samples.' To simplify, in Table 9 only F-values and probabilities of this last effect have been listed. Those F-values were, in general, lower than those corresponding to the same effect in juices from individual varieties (Table 2) , a logical consequence of the larger uniformity of blends. Table 10 shows the mean values for each attribute and the minimum significant differences (95% level) according to Tukey's test. For many attributes the differences were only significant between Nova and all or several of the remaining juices. This happened, for instance, with browning, mandarin odor, maturity odor, off odor, maturity taste, acidity, and off taste. In fresh odor, mandarin taste and fresh taste the sample constituted exclusively by Clemenules (C r þ C g ) received the maximum mean score, significantly higher than the scores of some or all other samples.
Combined Analysis of Attributes
The group of odor and taste attributes with maximum discrimination among samples was formed (according to Stepwise Discriminant Analysis results) by sweetness, odor intensity, bitterness, fresh taste, peel oil odor, and astringency, in decreasing order of discriminant power. Figure 3 shows the representation of samples in the map of the first two dimensions obtained by Canonical Analysis applied to data of these attributes. To simplify the figure, confidence regions (95% level) have been represented individually only for Hernandina and Nova, whereas blends have been included in a unique region. In agreement with the uniformity of the blends, the corresponding representations were close whereas Nova and Hernandina appeared far from the blends.
Acceptability by Consumers
Global Results Figure 4 shows the distribution of frequencies of acceptability scores of the six blends and of the two juices from Hernandina and Nova. As discussed above for the juices from pure varieties, lack of normality was observed for most samples and, thus, acceptability data were converted into rank order numbers and analysed by Tukey test with the results summarized in Table 11 . Rank sums from C r þ O g to M g þ H r decreased slowly and almost linearly but an abrupt decrease was observed for Nova, confirming the low acceptability of this juice, as mentioned in the previous section. An important aspect is that the four samples including major proportions of ripe Clemenules (C r ) were ordered in the first positions, without significant differences among them. Thus, Clemenules can be considered very suitable to prepare commercial juices not only alone but in blends (in major proportions) with other less Figure 3 . Representation of blends according to results of Canonical analysis applied to data of six sensory attributes with maximum discriminant power. Sample codes in Table 8 . accepted varieties. On the contrary, when Clemenules was in a minor proportion (C g þ H r ) or not present (M g þ H r ) the rank sums were significantly lower and similar to that of Hernandina (H). The rank sum of the juice from Nova (N) was significantly lower than all others.
Segmentation of Consumers
By clustering the matrix of correlation coefficients between consumers and attributes and then selecting a solution with four clusters, the results shown in Table 12 were obtained. ANOVA was applied to data from each segment and differences between means of particular samples were analysed by Tukey's test. In general, and also as a consequence of the uniformity of the blends mentioned above, the differences between segments and within segments were lower than those discussed in Table 5 for juices from individual varieties. All groups gave maximum or almost maximum acceptability scores to the blends including ripe Clemenules and the main differences between groups were due to the scores given to the remaining samples. For instance, Nova was accepted by a small group (segment 4, 17 consumers) but rejected by the rest of consumers, confirming the results discussed above, and Hernandina received maximum acceptability scores in the group constituting segment 1. Thus, these results confirm that the mandarin Clemenules, which is the most abundant, is also the variety that produces the best juice, either when used as unique raw material or when blended in major proportions with other varieties less suitable for producing high quality juices.
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In each column, samples that do not significantly differ share the same letter.
